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CHAPTER I
INTRODUCTION

Urea is being produced in large amounts for use in plastics,
feeds and fertilizers. Although it has been used as a fertilizer for
meany years, it has not been until recent years that adequate supplies
have been available for extensive use as a fertilizer. It was the
purpose of this investigation to study some of the factors that influe
ence the availability of urea nitrogen to plants. The two main objec~
tives of this study were: (1) to determine the rate of urea hydrolyasis
and subsequent nitrification to nitrate nitrogen at several comtrolled
soil temperatures, and (2) to determine the yield and chemical composiw
tion of ryegrass forage grown under controlled conditions with different

rates of nitrogen fertilization from uree and axmonium nitrate,




CHAPTER II
REVIEW OF LITERATURE

Uree was discovered in 1790 by Roule as a compound oocurring in
the urine of mermals, especially in that of the flesh eaters. Since then
urea has been found in small quantities in blood, muscle tissue, salive
and other fluids of animels. Also, minute quantities have been found in
the leaves of spinach and carrots end in seedlings of various other
plants (17). As expected, fresh farm menure contains appreciable gquan-
tities of urea, The decomposition of this compound is mainly responsible
for the odor of ammonis associated with fresh manure piles.

Pasteur (25) in 1860 was the first to recoguize that the trans-
formation of uru. to emmonia is brought about by living corganisms. It
wes later discovered thet organisms capasble of hydrolyzing ures are found
in most families of bacteris, actinomycetes and fungi (25). However, it
was considered by Summer and Somers (23) that the bacteria employ urease
to produce emmonia for their needs. Urease, an ensyme, was isolated in
erystalline form from jack bean meal in May 1926 by Summer (25) and wes
the first enzyme obtained in a pure condition. Conred (6) has reported
that urease activity in the soil may vary with the cropping system, and
the higher the organic matter content, the greater the urease~like active
ities. Consequently, the surface soil is higher than the subsoil in
these activities.
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Conrad end Adems (8) suggested that the hydrolysis of urea should
be considered catalytic in nature instead of completely miorobial. After
sterilization of soils with toluene it was found that urea was hydrolyzed
almost as rapidly as if the soils had not been treated with toluene (7).

The rate of urea hydrolysis was studied by Laidler and Hoard (15)
in buffered solutions at various pH values and at different temperatures.
It was reported that the maximum rate of urea hydrolysis was at a pH of
6.2 and a temperature of 30°C. Gibson (11) reported that strongly aeid
peat samples of pH 3.1 to 3.3 hydrolyzed urea rapidly at 20 to 230C,
Conred (7) quoted Rubentschik as experimenting with two organisms that
were capable of decomposing urea below 09C, Conred (7), also, reported
that urea was hydrolyzed at 29C but not at 909C,

The anmonia formed by urea hydrolysis becomes the raw material
for the process of nitrate formation (6)s Since nitrification is, by
definition, the oxidation of ammonia to nitrate nitrogen (24), the speed
of nitrification is partly dependent upon the quantity of available
ammonia.

Nitrification is dependent upon bacteria. There are two groups

of these bacteria. One group, Nitrosomonas or Nitrosocoecus, transforms

ammonia to nitrate nitrogen and the other group, nictrobacter, converts
the nitrite to nitrate nitrogen (26)s These reactions depend upon favore
able soil reaction, aeration, esmount of organic matter, temperature,
moisture, and concentration of inorganic substances in the soil (10).
Morgan (18) reported that 2,62 pounds of calcium carbonate were
required to neutralize the soil reaction produced by each pound of nitro-



gen added to the soil as urea; whereas, Pierre (20) reported that only
thirty-six pounds of ealecium carbonate per unit of nitrogen were required.

A number of studies of orop response to different nitrogen fere
tilizers have been conducted, and many of these have been summarized by
Andrews (1). Generally there have been no great differences in sources
of nitrogen.

There was little information published on the composition of rye-
grass grown at verious temperatures until 1949 when Sullivan and Sprague
(22) reported the results of a study dealing with the effects of tempere
ature on the chemiocal composition of peremnial ryegrass. The tempera-
tures were allowed to vary by 109F; the day temperatures were 109F above
the night temperatures. The light intensity at which these plants grew
after entering the growth chambers was 525 footecandles. They found new
top growth to be most rapid at 60 to 7OOF and least at 80 to 90°F, It
was congluded that high temperatures adversely affected ryegrass by repid
dissipation of reserve carbohydrates, slowing down the production of new
leaf growth and in general inhibiting recovery from clipping. At the
highest temperatures studied, the soluble nitrogen increased in the tops
and stubble of the ryegrass and this increase continued for some time.
Associated with this nitrogen increase, was a decrease in carbohydrates.
Forty days after c¢lipping, the ocarbohydrate supply was almost exhausted.
They reported that the calecium content of the roots and stubble were
slightly higher at the highest temperature.

Effects of temperature on growth of several other grasses have been

reported. According to Harrison (13), growth of Kentucky bluegrass was
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more nearly normal at 609F then at other temperatures studied. At 80°F
top growth was rapid but no new roots were initisted and shoots from
rhizomes sppesred above ground only under low unitrogen conditions. The
bluegrass grew lititle at 1009F and died after ebout six weeks at that
temperature. Lovvorn (16) found that yields obtained by frequent cuttings
were higher at 659F than at 85°F for Dallisgrass, carpetgrass, Bermuda-
grass and Kentucky bluegress. Brown (4) reported that the protein cone
tent of Kentucky bluegrass, Canada Bluegrass and orchardgrass was at a
minimum at 609P-T0OF and was greater at both lower end higher tempera-
tures. Bermudsagrass growth was greatest at 1000F but the protein eon-
tent was at a minimum at temperatures between B800F o 90°F. This is
somewhat higher than for the other grasses studied.



CHAPTER IIIX
METHODS AND PROCEDURES

Three growth chambers were constructed for use in this study and
set at temperatures of 10°C, 20°C and 300C. These temperatures were
thermostatically controlled and meintained the desired temperature within
an sccuracy of f 19¢, The internal volume of each chamber was 100 ocu. ft.
and a shelf to support 15 pots was suspended in the middle of each chem-
ber, Twenty fluorescent lights, using cool white and red tubes at a ratio
of 911 were used es the light source. This gave light intensities on the
ryegrass seedlings of 805, 1119 and 1222 footcandles for the 10, 20 and
300C temperatures respectively. Similar relations between temperature
and light intensity have been reported by Went (27).

Hermitage silt loam soil was used in all phases of this study,

It is a highly productive soil and the semples used were purposely se-
leoted because of their low ammonie and nitrate nitrogen content. The
soil was kept moist at all times during transfer from the field to the
growth chembers so as to maintain the native soil flora.

A. Hydrolysis and Witrifieation.

Semples of the soil were treated with urea at the rate of 100 and
200 pounds of nitrogen per 2,000,000 pounds of soil. Subesamples, ine
cluding a nowtreatment check, were pre-weighed, transferred to flasks or
beakers and placed in the temperature controlled chambers. The soil was
maintained at 15 to 20 per cent moisture content throughout this experie
mente
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Duplicate samples were analyzed at the end of the first, second,

third and fifth weeks for ammonia, nitrate and pH. Nitrate nitrogen was
determined by the phenoldisulphonie acid method as described by Jackson
(14)e Ammonia nitrogen was extracted with sodium chloride end determined
by the distillation method described by Peech et al. (19)s Urea was de-
termined by difference. The pH of the soll was determined using the
Beckman model "G" pH meter,

B. Ryegrass Forage.
Ryegrass was grown under controlled conditions at different rates

of nitrogen fertilization. Forty-five samples, containing the equivalent
of 2486 grams of oven dry (1100C) soil, were placed in gallon cans lined
with plastic bags, and were seeded to amnual ryegrass (Lolium mul tiflorum)

October 192, 1956. These were pleced in the greemhouse until the ryegrass
was about three inches high. Urea or ammonium nitrate solutions were
then added to these containers November 13, 1966, at rates equivalent to
50 and 100 pounds of nitrogen per acre and these treated containers along
with checks were randomly distributed in the growth chambers. The senme
randomization was used in each growth chamber and there were three replie-
cations of each nitrogen treatment in each growth chamber.

Alternating periods of sixteen hours of light and eight of dark-
ness were maintained throughout the course of" the experimemt. The light
period was from 6 PM until 10 AM so as not to place excessive load on
the cooling systems of the growth chambers. A small heat source was
turned on in each growth chamber during the dark peried. A ten inoh fan
was in operation at all times to insure good eir circulation and to keep



the growth chamber free from cold spots.

The plants were harvested fifty-seven days after the eddition of
the nitrogen, At time of harvest the plants grown at 200C and 309C were
flowering, whereas those st 10°C were not. Fresh and oven dry (700¢0)
weights of the forage per container were obtained, The dried tissue wes
ground on a Wiley mill, mixed thoroughly, snd stored in bottles for snale
ysizse The nitrogen content of the ryegrass tissue was determined by the
Gunning Kjeldahl method as deseribed by the Association of Offiecial Agrie
cultural Chemists (2). A modification of the wet oxidation procedure of
Gieseking, Snider snd Getz (12) was used for ashing all samples. The
potassium, calecium, and magnesium content of the tissue was determined
by a Beckman "DU" flsme spectrophotometer equipped with a photomultiplier
attachment, The molybdemwa blue method as deseribed by Bray (3) was used
to determine the phosphorus content of the tissue on a Beckman "B" spece

trophotometer.
Detailed procedures are found in the Appendix, pages 36 threugh Ll.



CHAPTER IV

RESULTS AND DISCUSSION

Urea Conversion

The results of urea hydrolysis to emmoniam, its subsequent conver-
sion to nitrate nitrogen and the soil reaction associated with this pro-
cess at 10°C, 20°C and 30°C temperature are presented inm figure I and
table I. The ammonia and nitrate nitrogen values are the average of
duplicate sample determinations., The values represent the differences
between a check and treated sample. The smount of urea was determined
by difference.

Maximum smmonia concentrations ocourred at the end of the first
week and deoreased rapidly thereafter at all temperatures exeept at 109C.
At 30°C, approximately 84 per cent of the urea was hydrolyzed by the end
of the first week. At 20°C, approximately 76 per cent of the 100-pound
per acre rate was hydrolyzed and 38 per eent of the 200-pound per acre
rate at the end of the first week. These figures represent close to the
same number of pounds of nitrogen hydrolyzeds At 1000, only 53 per cent
of the 100-pound per acre rate and 28 per cent of the 200-pound per acre
rate were hydrolyzed by the end of the first week, and about the same
number of pounds of urea nitrogen was hydrolyzed at each rate. These
data olearly indicate the influence of temperature upon the rate of urea
hydrolysis. This is further evidenced by the fact that 84 per cent of

both rates of nitrogen were hydrolyzed at 30°C by the end of the first
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week, which represents e wide difference in pounds of nitrogen hydro-
lyzed per acre.

At the 20°C and 30°C temperatures over 85 per cent of the urea had
been hydrolyzed by the end of the second week. Hydrolysis at the 100« and
200~pound rate at 109C was agein similar by the end of the second week
with 61 per cent of the 100-pound rate being hydrolyzed emd 34 per cent
of the 200~pound rate being hydrolyzed. There was = difference of seven
pounds of total nitrogen hydrelyzed at the end of the second week, which
indicates that the amount of uree present had 1littls affest upon the rate
of urea hydrolysis at 10°C. By the end of the third week, over 80 per
cent of the urea had been hydrolyzed at the 100«pound per =mere rate at
100C. At the 200<pound rate 52 per cent of the urea had hydrolyzed by
the end of the third week and 72 per sent by the end of the fifth week.
Higher temperatures produced an inerease in the rate of hydrolysis in all
cases, The effect of rate of urea fertilization on the amount of urea
hydrolyzed was smell at 109C, intermediste et 20°C and was rather pro-
nounced at 309C.

The 30°C temperature at the 200~-pound per acre rate of nitrogen
had the mest rapid nitrification with 72 per cent, 90 per cent, end 100
per cent being converted to nitrate at the end of the first, second and
third weeks respectively. At the 100«pound per sere rate, 50 per cent,
89 per cent, and 100 per cent of the nitrogen was converted at the end
of the first, second snd third weeks respectively.

At the 20°C temperature, 30 per cent, 86 per cent, and 90 per cent
of the 200 pounds of nitrogen per acre rate had been cenverted to nitrate
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at the end of first, second and third weeks respectively, and at the 100«
pound per acre rate, 70 per cent, 97 per cent and 100 per sent nitrifica-
tion had occurred at the end of the first, second and third weeks, re-

spectively.

The 109C temperature hed the slowest rate of nitrification and the

amount nitrified varied little with the rate of fertilization. There were
29 pounds of nitrate nitrogen present at the 100-pound per acre rate as
compared with 28 pounds at the 200-pound per acre rate by the end of the
first week. By the end of the second week, the 100-pound per scre rate
had 55 and the 200-pound per acre rate had 53 pounds of nitrate nitrogen
scoumulation, The same situation existed at the end of the third week
with spproximately 85 pounds of nitrate nitrogen ascumulated for both
rates of fertilization. WNitrification was complete at the end of the
fifth week for the 100-pound per acre rate, but there remained approxi-
mately 35 per cent of the nitrogen to be converted to nitrate at the 200
pounds of nitrogen per acre rate at the 100C temperature.

These data show that there was generally an increase in the rate
of urea hydrolysis end subsequent nitrification with increase in tempera-
ture. The higher rate of fertilization increased the average smount of
hydrolysis end nitrification at all temperatures except at the 10°C. The
10°¢ temperature had very nearly a constant rate of nitrification, sbout
25 pounds per week, at both rates of fertilization. This constant rate
of nitrification could possibly be related to the rate of supply of ammo=
nia at that temperature.

The soll pH was 6.8 at the begimning of the experiment and changed
little during the course of this experiment,



TABLE I

SOIL pH AT WEEKLY INTERVALS FOLLOWING APPLICATION OF UREA
AND INCUBATION AT VARIOUS TEMPERATURES

ﬁgm Soil T.'.E of mﬂx

Level Temp, 0 1 2 k] 5

200 lbs. 100¢ 648 8.8 6.8 847 645
Witrogen/A. 20°C 6.8 6.8 6.8 6.7 6.8

300¢ 6.8 8.8 6.6 87 8.8




Yield of Ryegrass Forage

Forage yleld data are summarized in teble II, All data presented
in the following tables were subjected to analysis by statistical pro-
cedures as outlined by Cochran and Cox (5) or Snedecor (21). Complete
data and analyses are found in the Appendix.

Ryegrass yields at the 209C temperature were significantly higher
than those at 100C or 30°C, and the yield obtained at 30°C was greater
than at 109C, the difference again being highly significant. These re-
sults are in agreement with those reported by Sullivan and Sprague (22).
They suggested that a possible explanation of the higher yield at 20°C
than at 300C is that the carbohydrates are used almost as rapidly as they
are produced. The soil conversion studies indicate that the supply of
nitrate nitrogen would not be limiting at 309C.

A comparison of the yield of the untreated pots with the nitrogen
treated pots show a highly significant response to nitrogen.

When comparing the rates of nitrogen the yield at the 100-pound
per acre rate was greater than at the 50-pound per acre rate, the dif-
ference being highly significant. The greatest yield response of rye-
grass forage to nitrogen ocourred at 20°C, the increase at this tempera=
ture being almost twice that obtained at 309C. The least response to

nitrogen occurred at 100C,.




TABLE II

YIELD OF OVEN DRY RYEGRASS FORAGE IN GRAMS PER POT GROWN AT THREE
TEMPERATURES WITH THREE RATES AND TWO SOURCES OF NITROGEN

0 2,608/  4.16

80 Urea 3,01 5.18
Ammonium Nitrate 3.39 4.99

100 Urea 3.76 5,79
Ammonium Nitrate 3.26 6,09

'1'31’0'.1! treated average 3436 5,61 4.07

LeS«De (.05) between temperature means
LeSeDa (+01) between temperature means
LeSsDe (+08) between rate means = « « «
LeSeDe (401) between rate means « « « «

CeVs for entire experiment « « « « « «

_'/ Figures represent an average of three

- -

- .-

3,38

3.87
3.81

4.47

4,12

3.93

e

a

replications.

0,38 grams
0.61 grams
0«31 grams

0.42 granms

9.92%
10.34%

15




16

Chemical Composition of the Ryegrass Forage

Data presented are expressed as per cent composition of oven dry
(709¢) forage on a weight basis and represent the mean of three replications.

Summaries of nitrogen, potassium, caleium, magnesium and phosphorus
composition of the plants are presented in tables III through VII, respec-
tively.

At 109C and 30°C there was a significantly greater per cent of
nitrogen in the forage than at 20°C, This is possibly because of the high-
er yield end greater growth at 200C, WNo significant difference in the per
cent nitrogen in the forage produced at 10°C and 30°C was obtained.

At 20°C and 309C there was a greater percent of potassium and mag-
nesium in the forage than at 109C, the difference being significant at the
0.06 level. This indicates that the low temperature retarded the uptake
of these two nutrients. There was no significant difference between the
means of these nutrients at 20°C and 300C,.

When ocomparing phosphorus in the forage, at different temperatures,
the per cent phosphorus at 200C was greater than at 30°C and the per cent
phosphorus at 30°C was greater than at 10°C. The difference, in both
cases, was significant at the 0.0l level. It is therefore evident that
the phosphorus content of the plant and the yield are directly related.

Although the per cent calecium in the forage increased greatly
with an increase in temperature and rates of nitrogen, no significant dife
ference in the per cent calcium at any of the three temperatures was ob-
served, This was perhaps due to a significant interaction between teme

perature and rates of nitrogen.
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PERCENT OF NITROGEN IN OVEN DRY RYEGRASS FORAGE GROWN WITH DIFFERENT
NITROGEN FERTILIZATION AT THREE TEMPERATURES

Percent
Pounds Tempera ture Witrogen
W/Aore Souree 109¢_  20C 80°C Avge Rate Avg,
0 1.60% 1.27 1.81 1.89 1.69
50 Urea 2043 1.62 2.43 2.16 2.17
Ammonium Witrate 2,03 1.78 2,77 2.18
100 Urea 2.80 2,04 2.63 2.39 2,56
Ammonium Nitrate 2.33 1.96 2.64 2,31

LeSsDe 2.05) between temperature means « « « « « = = «

LeSeDe

CeVs f’r“ﬁ”.mmtawn.nnuouuoonn
GQVO.”IWQW B I A

«01) between temperature means = = = « « « « =

,e/ Figures represent an average of three replications.



TABLE IV

PERCENT OF POTASSIUM IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

W

Pounds Temperature Witrogen
N/Acre Source 169¢C 2090 900C Avg. Rate Avg.
0 2.628/ 2,98 2.97 2.84  2.84
80 Urea 2.53 3.18 3.28 3.00 3.08
Ammonium Nitrate 3.03 .32 8.15 3.17
100 Urea 2.72 5." 2.97 2.99 3.12
Ammonium Nitrate 3.02 3450 $.22 3.25
Average 2.78 3.24 3.12
Ni en treated ave 2.82 J3.82 3,16

LeSeDs (+05) between temperature means e = « « w = = = = = » 0,34%

O.V.formﬁrc.xporiunt ‘.-.\u.--.umuon.n-‘.m
0.7..nlmgh“hc-nqnuqudnmonauaoona 6.‘1’

5/ Figures represent an average of three replications.
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TABLE V

PERCENT OF CALCIUM IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

Wﬂﬂ

Pounds Temperabure Titrogen
W/Acre Source 1096 ?m S0°%C Avgs Rate Avg.
0 0.458/ 0.53 0.78 0,69  0.59
80 Urea 0.66 088 0,928 0,75 0a72
Ammonium Nitrate 0.5% 088 04,98 0,70
100 Urea 0.60 072 1.,10 0,77 0.82
Ammonium Nitrate 0.52 080 1.’5 086
Average 0.83 0.86 1,01
mma treated m Q.54 0,70 1,08

B*.V.tor«nnﬁﬂw--...._......-..-.1@.19’
O.Y.tnlwucm.. B ‘.“‘

3/ Figures represent an average of three replications.



TABLE VI

PERCENT OF MAGNESIUM IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

W

Pounds §=nm‘hﬂ Witrogen
%/Acre Source Avg. Rate Avg.
0 0,285/ 0,50 0.61 0,46  0.46
50 Urea 0.27 0,53 0.66 0449 0«49
Ammonivm Nitrate 0,30 043 °¢7‘ 0e49
100 Urea 0.28 0.56 0.71 0.51 053
Ammonium Witrate 0.28 0.67 0.78 0.55
0.54 0.70

Average 0.28

LeSsDs (+08) between temperature means « « = « « « « « = « « 0,244

CaV, fol‘.nﬁr‘Omrlmt---‘-u.-.---..--.- ’.‘“
OOVOmlmnsCm W e W AR R R R e W e o ‘.’”

a/ Figures represent an average of three replications.



TABLE VII

PERCENT OF PHOSPEORUS IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

4 0.1 0.80 0420 0.20 0.20

60 Ures 0ell 0420 0415 0,18 0.18
Ammonium Vitrete 0,12 0,24 0416 0,17

100 Ures Q.14 018 016 Gelé 0.16
Ammonivm Witrate 0.12 018 0.15 0.15

Le8eDs (405) botwoen temporature mesns = « = = = = = = = = = 0,02%
LeSeDs (+01) between temperature means = = = = « = = = « =« « 0,088

a'cv!rGrmu“up.m*dntﬁoun--ww-mn.- 8,1#
0.‘&’”‘“‘“% e W M R W W A e N e o 8.10’

y Figures represent an average of three mliocﬂm;
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A comperison of the means of the unfertilized pots with the nitro-
gen troated pots showed that a highly significant inerease in the per
oent nitrogen, calcium and phosphorus content of the forage was obtained
from the first fifty pounds of nitrogen. No further significant inecrease
in these elements was obtained from additional nitrogen. There was an
inorease in magnesium per cent in the forage due to nitrogen fertilization;
thie inerease being significent at the 0.05 level. The per cent potassium
inoreased in the forage due to nitrogen treatment but the increase was not
significant,

No significant difference in the per cent nitrogen, potassium,
calcium, magnesium or phosphorus content of the forage could be attrib-
uted to sources of nitrogen.

The yields of nitrogen, potassium, calecium, magnesium and phose
phorus in the ryegrass forage are presented in tables VIII through XII
respectively. These values were obtained by multiplying the forage yield
by the per cent composition of these nutrients and represent a mean of
three replications.

The average yield of nitrogen at the 20°C and 30°C temperatures
was greater than the yield of nitrogen at the 109C, the difference being
significant at the .01 level., There was no significant difference in
the yield of nitrogen between the 20°C and 30°C temperatures.

When comparing the mean yields of potassium in the forage at dif-
ferent temperatures, the yield of potassium at 20°C wes greater then
that at 109C and 30°C, and the yleld of potassium et 30°C was greater then
that at 10°C, The difference in both cases being significant at the 0.05

level.
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The magnesium removed in the plant tissue was greater at the 20°C
and 309C temperatures than at 10°C, this difference being significant at
the 0.05 level. The average yleld of magnesium at 209C and 30°C was not
significantly different.

Comparison of the mean yield of phosphorus at different tempera-
tures shows a greater yield of phosphorus at 200C themn at 109C or 30°C
and that the yield of phosphorus at the 300C was greater than at 10°C.
The difference in both cases being significant at the 0.01 level.

No significant difference in the yield of calcium due to tempera-
ture was detected.

Comparisons of the mean yields of nitrogen, potassium, calcium and
magnesium of the untreated pots with the average yield of the nitrogen
treated pots shows & highly significant increase in yield of these nue
trients due to nitrogen fertilization. There was no significant inorease
in the yield of phosphorus due to the application of nitrogem. This is
in agreement with results reported by Domby et al. (9).

Considerably more nitrogen was removed in the forage when the
plants were fertiliszed with 100 pounds of nitrogen per acre than with
50 pounds of nitrogen per acre. This increase was significant at the
0401 levels There was no real difference in the yield of potassium,
caleium, magnesium or phosphorus due to the rate of nitrogen applied.

No significant difference due to sources of nitrogen in the yield
of nitrogen, potassium, caleium, megnesium or phosphorus was found.

The results of these investigationa indicate that urea and ammo-

nium nitrate perform equally well as a nitrogen source for ryegrass.
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The rate of urea hydrolysis and subsequent nitrification is influenced
by soil temperature., Of the temperatures studied, the fastest rates of
hydrolysis and nitrification occurred at 309C, This corresponds with
the findings of Laidler and Hoard (16) and Frederieck (10). At 10°C, the
rate of urea hydrolysis is relatively slows This could lead to leaching
losses of urea nitrogen epplied to the soil at this temperature. Once
the urea had hydrolyzed, it would be expeected to behave as any ammonia
source of nitrogen.

Soil temperature had a greater effect on the yield of ryegrass
forage than did the rate of nitrogen fertilization. The highest yield
of ryegrass forage was obtained at 20°C but the per cent of nitrogen in
the ryegrass wes lower at 20°C then at 10 and 30°C. This is similar to
results reported by Brown (4). However, the higher yield of forage at
209C brought the plant removal of nitrogen at this temperature above
that at 109C and almost equal to that at 30°C, This would indicate that
at 109C the ryegrass absorbed the nitrogen rapidly, however, the plants
were unable to assimilate it as fast as it was sbsorbed. The relatively
high nitrogen content of the forage at 30°C was probably due to photo-
gynthesis not being able to keep pace with respiration, thereby creating
a carbohydrate deficiency (22).

The influenge of soil temperature and rate of nitrogen fertiliza-
tion on caleium content of the forage was quite marked and a significant
interaction between these two factors was observed. The per cent of cale
cium and the yield of caleium inereased with inoreases in both temperature

and rete of nitrogen fertilizations A similar relationship was found for
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magnesium,.

The phosphate and potassium content of the forage wag direotly ree~
lated to forege yleld., The highest content of these nutrients was found
at the highest forage yield level and the lowest content at the lowest
forsge yield. The per cent potassium inoreased with rstes of nitrogen
fertilization but the per eent phosphorus decreased with rates of nitroe
gen fertilizations This is generally the case when potassium-nitrogen
end phosphorus-nitrogen are used in combinations.



TABLE VIII

MILLIGRAMS OF NITROGEN PER POT REMOVED BY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

W

Pounds ~Temperature Wi trogen
N/Acre Source TI0°C_ 209G 80°C_  Avg.  Rate Avg.
0 45.4% 83,1  6l.l  53.2 85.2
50 Urea 73,0 85.3 93.5 83.9 85.4

Ammonium Nitrate 68,2 87.2 108.3 86.9
100 Urea 93.9 1170‘ 116.’ 100.5 10505

Ammonium Witrate 75.6 119
Average 71.2 92

limion treated average 779 101,92 106.3

LeSeDe 500‘) between temperatures
LeSeDe (201) between temperatures
LeSeDe 5'05) between rates « « =
LeSeDe (+01) between retes « « «

[ O O |
LS B B
t 43

coV.“rﬁﬂ"mﬂm - e W W e
GQVQWIMMh--n..-—--

&/ Figures represent an average of three

o4& 109.4 101.5

o6 97.2

L B I
L O |
L B O
L B B |
20 S AR
L B B
LI O O |

replications.

L O S

LR I B

- «11,12 nge

=3
Ld

15.14 mnge
9462 mnge
13.11 Me

13.47%
13.79%
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TABLE IX

MILLIGRAMS OF POTASSIUM PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

WW

Pounds Tempera ture TWitrogen
N/Acre Source ~10°C 2090 8090 Avge  Rate Avg.
0 69.0% 121.8 100.0 97.2 97.2
50 Urea 96,4 16“.' 138.5 1”.0 129.4

Ammonium Nitrate 102.9 166,7 120.7 129.8

Ammonium Nitrate 97.4 213.1 131.,0 147.1

LeSeDs (408) between temperatures « «  « « « « « = « » =« = = = 4,39 mg.

CaVe for entire experinent o « « » « « « « « « w v v =« « « = « 8,88%
G.V.lul_udingehuha---.......-....-u.......g.m

3’ Figures represent an average of three replications.



TABLE X

MILLIGRAMS OF CALCIUM PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

yerature
N/Acre Source m Avg. Rate Avg,

0 12,28/ 22.2 26,4 20,3  20.3

50 Urea 16.8 34.8 35.1 28,9 28.6
Ammonium Nitrate 18,2 29.1 37.6 28,8

100 Urea 18.5 42.1 49.2 36.6 37.8
Ammonium Nitrate 16.8 48,8 51,6 39.1

Aﬂtt‘. 16.5 35.4 40,0
:. “ 7.‘ 30 43.4

oot e P A A S S S S A S i

G.V.forontirooxporhunt.---..-.-.------. 15.7“
CeVe .”1“&1!1‘0“0&. I I B I 19.20‘

2/ Figures represent an average of three replications.



TABLE XI

MILLIGRAMS OF MAGNESIUM PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

W
Pounds ;&W HWitrogen
%/ Aore Source Avge. Rate Avg.

0 7.68/ 20,7 20.4 16.2 16.2

50 Urea 8.2 27.7 26.2 20.4 20.8
Amnonium Nitrate 10.1 21.7 31,9 21.2

100 Urea 10.8 31.9 278 23.6 25.4
Ammonium Nitrate De2 40,9 32.,0 27.4

Average 9.2 28,6 27.5
M ge .G‘ _‘

LeSeDs (405) betweon tomporatures « « « « « = « « « « « « 15,85 mg.

CsV. for entire experiment --«---------..--18.7”
G.V.mludingohnh...---..--.o-a---.:a.gﬂ

!/ Figures represent an average of three replications.



TABLE XII

MILLIGRAMS OF PHOSPHORUS PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

Pounds Femperature

N/Acre Source Avg. Rate Avg.
0 8,98/ 10,1 6.3 6.7 6.7
50 Urea 3.4 10,6 8.9 6.8 7.0

100 Urea 5.4 10.6 Te2 T.7 T4
Ammonium Nitrate 4,0 10.8 6.1 7.0

Insono2.05)“‘“‘.‘”!‘!@!".0-"-.'-"”- 1.2 mge
LeSeDe (o01) between temperatures « = « = « « » « = = =« « 1,6 mg.
c.v.fer.n‘u".mmt WA G e e e W e o e e e e 1’.6“
O.V.mludingomc-------a.----nna-- lﬁ.m

5/ Figures represent an average of three replications.




CHAPTER V
SUMMARY

The effects of temperature and urea concentration upon rate of
urea hydrolysis and subsequent nitrification were determined., Yield and
chemical composition of ryegrass forage as influenced by various soil
temperatures and nitrogen treatments were also determined.

These determinations showed:

1. The conversion of urea to nitrate nitrogen was most rapid at

the 30°C temperature and slowest at 109C temperature.

2, Of the temperatures studied, 20°C appeared best suited for
ryegrass growth,

3. The ryegrass responded to nitrogen fertilization up to the 100
pounds per acre rate, which was the highest rate used. The
response was greatest at the 209C temperature.

4, Uree and ammonium nitrate performed equally well as sources
of nitrogen for ryegrass at all temperatures.

6. Nitrogen was more effisiently utilized by the ryegrass at the
209C and 30°C temperatures than at the 10°C temperature.

6o The upteke of potassium, caleium, magnesium and phosphorus
was retarded at the 10°C temperature.

7+ Phosphorus uptake and yield of forage were directly related.

8¢« The calecium content of the ryegrass increased as the tempera-

ture and rate of nitrogen fertilization inoreased.
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APPENDIX A
VOLUMETRIC DETERMINATION OF AMMONIA NITROGEN IN SOILS

Plase the equivalent of 100 grams air dry soil inte 500 ml. erlen-
meyer flask and add 250 ml, of acidified (pH 2.,0) 10 per cent sodium
chloride and shake for one hour.

Transfer to Buechner fumnel, extract with an sdditional 250 ml. of
the sodium chloride solution, retaining all of the leachate.

Place leachate into 800 ml. Xjeldahl flask and make alkaline with
(10X) sodium hydroxide.

Distill over approximately 200 ml. into 50 ml. of 4 per ecent borie
acid containing modified methyl blue indicator.

Titrate using standard hydrochloric acid,

Celoulate nitrogen content from amount of standard acid used.
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APPENDIX B

DETERMINATION OF WITRATE NITROGEN COLORIMBTRICALLY

Plage the equivalent of 50 grams air dry soil into a 500 ml. flask,
Add 250 ml. copper and silver sulfate extract solution.

Plage on shaker and shake for ten minutes.

Add 0.4 grems calcium hydroxide snd 1.0 gram magnesium carbonate.
Sheke for five minutes to precipitate the copper and silver.
Filter, discerding the firet 20 ml, of the filtrate.

Set up 2 series of eliquots (0, 2, 5, 10 and 15 ml.) of the standard
nitrate (10 pepems) in threeeinch poreelain evaporating dishes.
Measure a 10 ml. portion of the unknown filtrate into three~inch
porgelain eveporating dishes.

Pluov sll dishes on stesm bath and eveporate to dryness in an atmoge
phere free of nitric acid fumes.

Allow to cool, and add 3 ml, of phenol-2«4disulphonic scid to the
dishes, rotating the dighes to insure contact with all the salts.
Allow to stand ten minutes, then add 15 ml. of distilled water.
Meke alkaline with —ﬁmiu hydroxide as indicated by an unchanging
yellow color.

Transfer to 100 ml. volumetric fleask and meke up to volume with
distilled water.

Read on spectrophotometer, using 410 mu., wave length, compare with
standards, and calculate.
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APPERDIX C

PROCEDURE FOR DETERMINATION OF pH OF SOILS

Place the equivalent of 25 grams air dry soil in 50 ml. beaker,
Add distilled water until thin pasty mixture is obtained.

Allow to set until soil becomes well saturated.

Re~nmix and plase electrodes of pH meter into the soil mixture and
read pH directly.
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APPENDIX D

PROCEDURE FOR DETERMINING THE NITROGEN CONTENT OF PLANT TISSUE

Place 1,0 grem oven dry (70°) plent tissue in Kjeldahl flask.

Add 10 grams catalyst (NA2S04 end CuSO4 * 5H20 in ratio of 100:3.2)
and 25 to 30 ml, of concentrated sulfurie acid.

Heat below boiling until frothing ceases, then raise temperature to
the boiling point, and continue for thirty minutes after digestion
is complete,

Cool; then add 200 ml, of distilled water,

Place 500 ml. erlemmeyer flask containing 50 ml. of 4 per cent boric
acid containing modified methyl blue indicator beneath the delivery
tube of the condenser.

Add sufficient (10N) sodium hydroxide to the digested material to
meake strongly alkaline; and add 4 to 5 pieces of mossy zinc.
Rapidly commect Kjeldahl flask to the condenser after addition of
sodium hydroxide.

Distill over approximately 200 ml. into the boric acid.

Titrate the distillate using standard hydrochloric ecid.

Caloulate percentage nitrogen.
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APPENDIX E

PROCEDURE FOR DETERMINATION OF POTASSIUM, CALCIUM, MAGNESIUM

AND PHOSPHORUS CONTENT OF PLANT TISSUE

Weigh 0.5000 grams plant sample and transfer to a 150 ml. beaker,
and cover with a watch glass.

Add 5 ml. of concentrated nitric meid and take to drymess on & hot
plate at moderate heat.

Add 5 ml. of 1:1 nitric acid and 5 ml. of concentrated perchloric
acid (70-72%) end teke to drymess on a hot plate.

If aghing is complete, add 5 ml. dilute hydrochloric acid (1:1) end
enough water to wash off the wateh glase and werm gently.

Filter into a 250 ml., volumetrie flask, using Whatman No. 42 filter
paper, and make up to volume with distilled water.

Mix well and using smell portions of the solution (5 ml.), determine
the potassium, calcium and magnesium with a Beckman "DU" flame spec-
trophotometer equipped with a photomul tiplier attachment. The wave
lengths required are 766.5 mu, for potassium, 422.7 mus for caleium
and 285.2 mu. for magnesium.

The semple readings are compared with the celibration curve obtained
from standard solutions and calculated,

For the phosphorus determination, plece 2 ml. of the solution into a
25 mls erlemmeyer flask and add 8 mls of 0,06 hydrochloriec acid, and
0.5 ml, of molybdie acid solution and mix.

Add 5 drops of reducing agent (eminoenaphtholesulfonic aecid) and mix
immediately.
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10, Read in spectrophotometer at 650 mu. wave length 15 minutes after
adding the reducing agent. Compare readings with those obtained
for stendard solutions and celoulate phosphorus content of the
unknown,



APPENDIX F

YIELD OF OVER DRY RYEGRASS FORAGE IN GRAMS PER POT GROWN AT THREE
TEMPERATURES WITH THREE RATES AND TWO SOURCES OF NITROGEN

1 0 10% 3,08 2,41 2.62 2.69
2 50 Urea » 3.35 3.17 2.50 3.01
3 100 - " 4,06 4,02 3.20 5.76
4 50 m‘m; - 3.06 3.74 3.40 3,39
5 100 » 2488 3.68 5.23 3.26
] 0 2000 4,75 4,36 5,86 4,18
7 50 Urea " 6.02 4.80 4.71 5.18
8 100 i " 5461 8,10 5467 5.79
9 50 NH4NO3 " 6.21 4,95 4.80 4,99
10 100 . - 6.10 8420 5.98 6409
o 0 300C " " " "
12 850 Urea . 372 3468 4430 3.87
13 100 . " 5,06 4,00 4.35 4447
14 50 NH4NO3 " 3.36 3.92 4,15 3.81
15 100 . o 3455 4425 4455 4,12
ANALYSIS OF VARIANCE
Degrees of Sums of  Means
Source of Variation Freedom Squares Square F Value
Nve. No N 1 548284 548284 34.67#*
Replications(a) 2 «1692 0846 = 50
Error(e 28 4,7078 «1681
Total(a 44 47,0286
Treatments(b) 11 33.1077 3.0080 15.60%%
Temperature 2 29,0025 14,6012 78,02+%%
Rates 1 2.64086 2.6406 13,30%%
Sources 1 «0407 «0407 «20
Temp. x Retes 2 «4931 «2466 1.24
Tempe x Sources 2 <7760 «3876 1.96
Rates x Sources 1 +1167 «1167 «59
Temp. x Rates x Sources 2 «0391 +0198 «10
Replications(b) 2 «1098 «05649 «27
Error(b) 22 443696 «1986
Total(d) 35 37.5871

a‘ﬂiﬂnﬂom at 0.01 level.




APPENDIX G

PERCENT OF NITROGEN IN OVEN DRY RYEGRASS FORAGE GROWN WITH DIFFERENT
NITROGEN FERTILIZATION AT THREE TEMPERATURES

'.ﬁa

Yo Ao Souree Temperature 1 2 3 Average

1 0 1009¢ 1.65 1.86 1.58 1.69
2 50 Uresn » 2.45 237 3.47 2445
3 100 . " 2.49 2450 2.51 2450
4 50 m,m; . 2.50 2,02 1.66 2,03
3] 100 - 2480 2452 1.66 2433
8 0 2000 " 1488 . . .
7 50 Urea . 1.98 1.35 1,69 1.62
8 100 " » 2.14 1.90 207 2,04
9 50 NH4NO3 . 178 198 L. 1,76
10 100 » » 1.98 1.90 2,00 1.96
T 0 300C . P 171 .
12 50 Urea . 2+41 2.68 2421 243
13 100 o . 2e44 2.88 2.58 2463
14 50 WH4NO3 " 2487 277 2.68 277
15 100 - " 2,40 2483 2470 2464
ANALYSIS OF VARIANCES
TDegrees of Sums of  Meens
Source of Variation Freedom Bquares Square F Value
Treatments(a) 14 54,3433 244631 12,47»»
N vse No.N 1 14,1908 14,1908 67.,06%«
Replications(a) 2 +9881 «4940 2.51
Error{a 28 6.5086 «1967
Total(a 44 40,8400
Tﬂlmtl( b) 11 17.9662 1.6333 6o 73%%
Temperature 2 14,2339 T«1170 29.34%%
Rates 1 1.0000 1.0000 4,12
Sources 1 +0177 0177 <07
’-PQ x Retes 2 «6093 + 3048 1.26
Tempe. x Sources 2 1,4217 «7108 2.93
Rates x Sources 1 «1278 «1273 «52
Temp. x Rates x Sources 2 +5563 «2782 1.15
Replications(b) 2 +8073 + 40386 1.66
Error(b 22 65,3378 »2426
Total(b 35 24,1113

*3S8ignificant at 0,01 level.
Figures represent degrees corresponding to percentages.




APFENDIX H

PERCENT OF POTASSIUM IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

L] L3 L]
50 Urea 3408 3.30 3420 3.18
100 o 3.30 3.40 3410 3.27
50 NH4NO3 3.65 2490 3440 3.32
10 100 » 3440 3.35 375 3450
i 0 3090 Ba20 2460 8410 2.97
12 80 Uresa » 3430 3.45 3.10 328
13 100 - " 2490 3.00 3,00 2.97
14 50 NH4NOg3 » 3460 2485 3.00 3416
15 100 " ” 3.75 2486 34,06 3.22
ANALYSTS OF VARIARCEY
Degrees of Sums of  Means
Source of Variation Freedon Squares Square P Value
Treatments(a) 14 9.2754 «6628 1.70NS
N vs, No N 1 1.2987 1.,2087 5.31N8
Replications(a) 2 1.3613 +6766 1,73
Error(s) 28 10.9248 «3902
Total(a) 44 21.6515
Treatments(b) 11 72900 +6827 1.58
Temperature 2 4,5883 2.2784 B.42%
Rates 1 «0387 .0881 «09
Sources 1 1.2173 1.2173 2.89
Temp. x Rates 2 #3341 +16870 «40
Temp. x 3ourses 2 68770 « 3385 «80
Rates x Sources 1 «02256 0226 +05
Tempe x Rates x Sources 2 « 4436 «2218 «53
Replications(b) 2 1.8403 «9202 2,19
Errorﬁb; 22 9.2510 «42086
Total(b 35 18,3813

gnificant at 0,05 level.
s represent degrees corresponding to percentages.




APPENDIX I

PERCENT OF CALCIUM IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

W
Nos N/Aore Source Temperature 1 1 3 Average
1 0 109¢ 0450 0.45 0.40 0.45
2 80 Urea . 0.50 1410 0.35 0465
3 100 " bl 0.45 0.45 0460 0.50
&4 80 NH4NO3 » 0.50 0455 0455 0.53
5 100 ” » 0456 050 0450 0452
1 67 m - - m 0;!’
4 50 Urea " 0456 0,756 0.78 0.68
8 100 . » 0.90 0.50 0.756 0.72
3 50 NHgN03 . 0.68 0.60 0,60 0.58
10 100 * 0.78 090 0.76 0480

T 0 9000 " 090 0470 . »
12 50 Urea " 1.00 1.00 0.75 0,92
13 100 . » 1.15 1,18 1.00 1.10
14 50 WH4NO3 oo 0,96 1.00 1.00 0.98
16 100 » " 1.28 1.10 1,40 1.26
ANALYSIS OF VARIANCES/
Degrees of Sums of  Neens
Source of Variation Freedom Squares Square F Value
Treatments(a) 14 26,1020 1.8644 7+63%%
Nvsse No X 1 2.6209 2.6209 10,73%»
Replications(a) 2 «1506 «0798 «33
Errorsl) 28 6.8389 «2442
Total(a) 44 3341006
T”lw(b) 11 21,0747 1.9169 18,86%%
Temperature 2 18,3011 9.,1506 13,12
Rates 1l « 7454 « 7454 1.07
Sources 1 «0081 0081 «08
Temps x Rates 2 1.3946 «6973 6.86%
Tempe X Sources 2 «2348 1174 1.186
Rates x Sources 1 «2918 «2916 2.87
Temp. x Rates x Sources 2 »0991 0496 «49
Replications(b) 2 2032 +1016
lmrsb; 22 6446086
Total(b 35 27,7384

#Significant at 0,05 level.
#xSignificant et 0.01 level.
Apru represent degrees corresponding to percentages.




APPENDIX J

PERCENT OF MAGNESIUM IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

FOUIC ep JLONS
Noe N/Aere Source Temperature 1 2 3 Aversge
1l 0 10°¢ 0.30 0,30 0.25 0.28
2 50 Urea " 0.30 0.30 0420 0.27
3 100 » " 0430 0.30 0.25 0.28
£ 50 NH4NO3 » 0.50 0.30 0.30 030
5 100 d " 0,30 0.30 025 0,28
v [} 2000 0.88 0. (- .
7 50 Urea " 065 0,60 0466 0.63
8 100 " " 0.60 050 0,556 0.55
e 80 NH4HO3 » 0,50 0.40 0440 0,43
10 100 . " H 0.71 0.67
i '3 3000 o v 0.61 0.61
12 50 Uree " 0471 071 0465 0466
13 100 . » 0.71 0.71 0.72 0.71
14 50 WH4NO3 » 0,78 0.71 0.71 0.73
15 100 v » 0s78 071 Qe84 0478

s e B 64 i e St Y M et S - R M D A M - A - 2 et O Bt S P L O ¢ 7

ANALYSTS OF VARIANCES
Degrees of Sums of  lMeans
Source of Variation Freedom Squares Square F Value
Treatments(a) 14 24,6571 1.7612 36.,02%%
N ves No N 1 «2471 «2471 5406%
Replications(e) 2 «2141 «1070 2.19
Error(a) 28 1.3686 0489
Total(a) 44 2642397
Treatments(b) 11 21.2868 1.9361 48,99¢+
Temperature 2 19,7429 9.8714 40,06+
Rates 1 . 4647 o“‘? 1088
Sources | «08382 +0832 034
Tempe x Rates 2 «3741 «1870 «76
Tempe x Sources 2 »0892 0146 «05
Rates x Sources 1 -0889 0889 «36
Temp. x Retes x Sources 2 4928 2464 Gel4nw
R‘pl‘-ﬂlﬁm(b) 2 «1040 «0620 1.32
lmrgb; 22 +8685 <0395
Totel(b 36 22,2683

#Significant at 0.05 level.
s#Significant at 0,01 level.
Figures represent dg;rnl corresponding to percentages,
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APPENDIX K

PERCENT OF PHOSPHORUS IN OVEN DRY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

1 0 10°¢ 0.12 0.18 013 0.14
2 60 Urea ” 0.12 0.12 0,08 Ol11
3 100 " » 0.12 0.20 0.10 0.14
5 100 oo 0413 0.12 0.12 0012
] 0 2090 . 0.26  0.29 .
7 50 Urea » 0.21 0.22 0.18 0.20
8 100 " . 0.18 019 0.18 0«18
9 50 NH4NO3 » 0.18 0.31 0.22 0.24
10 100 - " 0,18 0.18 0.18 0.18
iT 0 309C 0e21 ol B .
12 50 Urea " Q.15 0.16 0415 0.15
13 100 » » 0.16 0415 0,17 0.16
L

0.186 O.14 0.18 0.16

ANALYSIS OF VARJ’.AEIQ’
Degrees of Sums of  WNeans
Source of Variation Freedon Squares Square F Value
Treatments ( I.) 14 3.0665 «2190 12,44%%
Nwves No N 1 +5868 +5868 336 344%
Replications(a) 2 «5372 «2686  15,26%=
!rror(n 28 «4944 0176
Total(a 44 4,0981
Treatments(b) 11 2.2124  L.2011 5493
Temperature 2 1.8889 09444 27 ., 86%%
Rates 1 «0094 <0094 «003
Sources 1 +«0075 <0075 «002
Temp« X Rates 2 «21561 «1076 8.17
Tempe x Sources 2 +0129 «0064 «002
Rates x Sources 1 «0711 0711 210
Temp. x Rates x Sources 2 0076 «0038 «001
Replications(b) 2 «1065  ,0632 1.587
Error(b) 22 <7456 «0339
Total(b) 35 30645

ignificant at 0,01 level,
zri‘uru represent degrees corresponding to percentages.




APPENDIX L

MILLIGRAMS OF NITROGEN PER POT REMOVED BY RYEGRASS FORAGE GROWN WITH
DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

T Pounds Sty X ﬁiuﬁa&

Nos N/Aore Source Temperature 1 8 Average
1 0 109¢ 50,3 44,6  4l.4 4544 ‘
2 50 Urea bl 8301 73.1 81!8 7300
3 100 . . 1008 10045 80.3 93.9
4 50  WH4NO3 " 76,2 78,8 53,0  68.2
5 100 - » 8046 92,7 5346 75.6

o e P |y e v pa
7 50 Urea » 116.2 64.8 T449 8543
8 100 - » 12040 115.9 117.4 117.8
9 8O NH4NO3 . 932 88,1 8042 87.2

10 100 " . 120,8 117.,8 119.6 119.4

by 0 3090 62.1 6849 . o

12 50 Urea " 89.6 95.9 950 93.5

13 100 » » 1832 115.8 112.28 11649

14 50 NH4NOg . 96,1 108.6 111.2  105.3

18 100 " " 85,2 120.2 122.8 109.4

ANALYSIS OF VARIANCE
Degrees of Sums of  Means

Source of Variation Freedom Squares ~_Square F Value

Treatments(a) 14 24134438 1723.88 12.,56%=
N vs. No W. 1 12854.14 12854.,14 93.61%s

Replications(a) 2 646443 323.22 2.36

Brror(a) 28 3844470 137.31

Total(a) 44 28625451

Treatments(b) 11 10911.99 992,00 BeT3%x
Temperature 2 5772.88 2886.44 16,67+
Rates 1 36264056 3626,06 20.94%+
Sources 1l 57.51 57.51 «33
Tempe x Rates 2 678458 339.29 1.96
Temp. x Sources 2 362,451 181.26 1.08
Rates x Sources 1 271.69 271.69 1.87
Temp. x Rates x Sources 2 142,77 7138 o4l

Replications(b) 2 610,79 255440 1.47

Error(b) 22 3809.99 173,18

Total(b) 35 16232.77

‘tsignﬁonnt at 0,01 level. ‘



https://16252.77
https://10911.99
https://28625.61
https://12854.14
https://12854.14
https://24134.38

APPENDIX M

MILLIGRAMS OF POTASSIUM PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

o e

No. N/Ae Souree Temperature 1 Average

1 0 10°C 73.2 71.1 65.85 69,9
2 B0 Urea » 102.2 9646 9046 96.4
3 100 " " 101.3 122.6 95.2 106.4
4 50  NEgWog " 97,6 114.1 96,9  102.9
5 100 " 100.8 99.4 92,1 974
! g —rg 2556 : I T
7 50 Urea " 183.6 158.4 150.7 164.2
8 100 " " 188.,1 207.4 175.8 189.4
9 50 WH4NOg " 190.2 143.6 163.2 165,7
10 100 w . 2074 207.7 224.2 213.1
I 0 3090 . . .
12 50 Urea " 122.8 123,56 133.3 12646
13 100 " - 146,5 120.0 130.5 132.3
14 50 NH4NO3 . 126,0 111.7 124.5 120.7
15 100 . " 138.,1 121.1 138.8 131.0

ANALYSIS OF VARIANCE

Degrees of Sums of  leans

Source of Variation Freedom Squares ~_Square F Value

Treatments(a) 14 63094,08 450672 34.14%+
W vse No N 1 11468.,86 11468.86 86,87*=

Replications(a) 2 334,50 167.25 1.27

Emrg n; 28 3696453 132.02

Total(a 44 67125.08

Treatments(b) 11 47550,34 4322,76 27.14%*
Temperature 2 42306,68 21153.34 21,22%
Rates 1 2171,66 2171.56 2,18
Sources 1 59.80 59480 0,38
Temp. x Rates 2 19935,98 996,96 6e26%%
Temp. x Sources 2 465,65 227,76 1.43
Rates x Sources 1 32,11 3211 0.20
Temp. x Rates x Sources 2 530,71 266436 1.67

Replications(b) 2 322,87 161.44 1,01

Error(b) 22 3504,01 159,27

Total(b) 35 51377.22

#Significant at 0.05 level.
nsipifinnt at 0,01 level,



https://61377.22
https://42306.68
https://47550.34
https://67126.08
https://11468.86
https://11468.86
https://63094.06

APPENDIX ¥

MILLIGRAMS OF CALCIUM PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

e Replications
No. N/Aere Source Temperature 1 ] 8 Aversge
1 0 100¢ 15.2 10,8 10,56 12.2
& 50 Urea " 18.8 24.8 B8e8 16.8
4 100 - . 18.2 18.1 19.2 1845
& 50 NH4WO3 b 15,2 20.8 18,7 18,2
5 100 . " 15.8 1844 16,2 16,8
] 3 305 . B 7 v R v -
7 50 Urea . 83.1 3640 35.8 34,8
8 100 " - 53.3 30.5 42.6 42.1
9 50 ﬂéms » 28,7 2947 28.8 29.1
10 100 " 4548 5548 4448 4843
I 0 000 " 248 2541 .
12 50 Urea . 372 3548 32:2 38.1
13 100 b b 5841 4640 43.5 49,2
14 50 NH4NO3 . 31.8 39.2 41.5 37.5
15 100 . . b4he4 46,8 63.7 51.6

ANALYSIS OF VARIANCE

Degrees of Sums of lieans
Source of Variation Freedom Squares Square F Value
Treatments(a) 14 7850433 626,02 15.,97%s
Nvss No N 1 1211,09 1211,08 36.84%s
Replications(a) 2 5.36 2.68 +08
lrrorga) 28 920.56 32.87
Totel(a) 44 8276424
Treatments(b) 11 5819,96 529,09 13.03%%
Temperature 2 4530,98 2268.49 12,12
Rates 1 TT7377 77377 4,14
Soureces 1 T+56 7+66 «19
Temps x Rates 2 378,76 186,88 4,60%
Temps % Sources 2 10,99 5.49 14
Rates x Sourcesn 1 21.93 21.93 54
Temps x Rates x Sources 2 100,97 50,48 1.24
Replications(b) 2 1.76 «38 0.02
Error{(b) 22 893,17 40.60
Total(b) 35 6714.89

#Significant at 0,06 level.
##8ignificent at 0,01 level,




APPENDIX O

MILLIGRAMS OF MAGNESIUM PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

g' m 5 ! !G.aﬁu
No. MN/Aere Source Temperature 1 2 5 Average
1 0 10°% 9.2 7.2 6.5 7.6
2 50 Urea " 10.1 945 5.0 82
3 100 " » 12.2 12.1 8.0 10.8
4 50 NH4NO3 » De2 11.2 10.0 10.1
5 100 - " 846 11.0 8.1 9.2
g 0 20°C I8 .4 Bl .
7 50 Urea " 33.1 24,0 25.9 277
8 100 . . 33.9 30486 31.2 31.9
9 50 WH4NOgZ » 2640 19.8 19.2 21.7
10 100 v " 3649 43.4 42e4 40,9
T 0 ~8090C “B5el .8 .4 20.4
12 60 Urea 26.4 2844 237 2542

14 50 NH4NO3 2640 27.8 29.5 27.8
15 100 " 27.5 30.2 3842 3240

"
13 100 » : 358 28.4 31.5 31.9
"

ANALYSIS OF VARIANCE
Degrees of Sums of  leans

Source of Variation Freedom Squares Square F Value

Treatments(a) 14 4672.18 333,78 37,33+
N vse No N 1 338,87 338,67 37.88»%

Boplicnﬁom(a) 2 24,69 12,54 1.38

Error Q) 28 250435 8.94

Total(a) 44 4947,.22

Treatments(b) 11 3999,76 363461 54,82%%
Temperature 2 8300.,49 1660.24 20,25%%
Rates 1 324460 324,60 3.98
Sources 1 9.30 9.80 o1l
Temp. x Rates 2 178,98 39.49 1.10
Temp. x Sources 2 3.08 1.52 «02
Rates x Sources 1 £0.40 20,40 25

emp. s x Sources 2 162,93 81,46 7o 80%%

nopnutimz 2 8,98 4,49 43

Emrib) 22 229.66 10.44

Total(b) 35 4238439

#Significant at 0,05 level,
twigiﬁ.emt at 0.01 level.




APPENDIX P

MILLIGRAMS OF PHOSPHORUS PER POT REMOVED BY RYEGRASS FORAGE GROWN
WITH DIFFERENT NITROGEN FERTILIZATION AT THREE TEMPERATURES

No. N/Aere Sourse Temperature 3 Average
1l 0 10% 3481 4,34 346 3.87
2 850 Urea . 4,19 3.96 2,00 338
3 100 . " 4,94 8.04 3620 5439
4 80 Mg " 3,72 4,66 416 4,14
] 100 o 3.80 44,23 3494 3499

& [} 2000 7«68 11,42 11,11 10,06
7 50 Ures b 12.864 10.56 8448 10.56
8 100 . " 10,09 11,46 10.20 10.58
9 50 mtms . G438 15.44 10.60 11.81

10 100 . 10,68 11,16 10,80 10.78

T 0 s0%C «89 o9 . "

12 50 Uree " 5.58 5480 6.45 5.94

13 100 " » 8.18 6,00 T+31 7.16

14 50 NH4NO3 w 5.40 5. 41 T.28 6.02

15 100 - » €421 5486 628 612

ANALYSIS OF VARIANCE

Degrees of  Sums of Means
Freedom

Source of Variastion Squares Square T Value
Treatments(a) 14 3564.84 25,84 13.13%»
N vee No N 1 1.29 1.29 «87

Replications(a) 2 6476 3.38 1.76

Error(a) 28 54.15 1.93

Total(a) L2 415.74

Treatments(b) 11 295.11 26483 13.15%=
Temperature 2 282481 141,30 692.26%=
Rates 1 1.17 1.17 «57
Soureces 1 01 «01 +005
Temp. x Rates 2 S.47 1.74 +85
Temp. x Sources 2 2.99 1.50 74
Rates x Sources 1 4.71 4,71 2431
Tempes x Rates x Sources 2 15 <08 «04

Replications(b) 2 6426 3.12 1,58

Error{d) 22 44492 2,04

Total(b) 35 346,238

##Signi ficant at 0.01 level.
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